To assess to what extent the incidence of coronary events and death related to smoking, hypertension, hyperlipidemia and diabetes is modified by obesity. DESIGN: Prospective cohort study. SUBJECTS: A total of 22 025 men aged 27 to 61-y-old at entry. MEASUREMENTS: Incidence of coronary events (CE, ie acute myocardial infarctions and deaths due to chronic ischaemic heart disease) and death during 23 y of follow-up was studied in relation to body mass index (BMI), heart rate, blood pressure, blood lipids, glucose and insulin, lifestyle factors, history of angina pectoris, history of cancer, self-reported health and socio-economic conditions. RESULTS: At the end of follow-up 20% of the obese men were no longer alive, and 13% had had a coronary event. Incidence of CE was 16% lower (RR (relative risk) 0.84; 95% confidence interval (CI) 0.65 -1.10) among underweight (n ¼ 1171), 24% higher (RR 1.24; CI 1.12 -1.37) among overweight (n ¼ 7773), and 76% higher (RR 1.76; 95% CI 1.49 -2.08) among obese men (n ¼ 1343) than it was among men with normal BMI (n ¼ 11 738). The risk associated with overweight and obesity remained statistically significant after adjustment for potential confounders (RR 1.18; CI 1.07 -1.31; and 1.39; 1.17 -1.65, respectively). The association between BMI and mortality was J-shaped. In all, 1.7% of the obese men were smokers with hypertension, hyperlipidaemia and diabetes, 16.3% were not exposed to any of these risk factors. The cardiovascular risk associated with obesity was small in the absence of other risk factors. Between smoking and obesity there was a statistically significant synergistic effect. CONCLUSIONS: Obesity is associated with an increased incidence of coronary events and death. The risk associated with obesity is substantially increased by exposure to other atherosclerotic risk factors, of which smoking seems to be the most important. The preventive potential of these associations should be evaluated in controlled trials.
Introduction
In several cohort studies it has been demonstrated that obesity is associated with an increased incidence of cardiovascular disease (CVD) and death. 1 -7 Yet between individuals with a similar degree of obesity there is a marked heterogeneity of the cardiovascular risk. Implicit in the concept of a 'multifactorial web of causation' lies the interaction of factors that may increase or reduce the risk of disease. To what extent the risk associated with obesity is modified by exposure to other atherosclerotic risk factors and vice versa has received little scientific attention.
The objective of this cohort study has been to assess to what extent incidence of coronary events and death related to smoking, hypertension, hyperlipidaemia and diabetes is modified by obesity.
Methods

Study cohort
The Malmö Preventive Project (MPP) was organized and carried out by the Department of Medicine at Malmö University Hospital. 8 -10 The aim of the project, which started in 1974, was to invite large strata of the adult population to screening in order to identify high-risk individuals for CVD. A total of 22 444 men, born between 1921 and 1949, constituting 70 -75% of the total male population in the city of Malmö, were examined between 1974 -1984. Information on non-participation in the MPP has been reported previously. 10 In the present study we excluded all men with a history of myocardial infarction (n ¼ 180) and stroke (n ¼ 53). Another 186 men were excluded because of one or more missing values on smoking habits, blood pressure, blood lipids, fasting glucose or body mass index (BMI). This resulted in a study cohort of 22 025 men who at the baseline examination were between 27 and 61 y of age. The health service authority of Malmö approved the screening programme of the age cohorts, and all participants gave their written consent.
Baseline examination
In the mailed invitation were instructions to abstain from food, alcohol and tobacco for 12 h prior to the examination. Height (m) and weight (kg) were measured while the subject was wearing light indoor clothing. 8 ). As there was a J-shaped relationship between BMI and mortality, men with BMI < 25 were further divided into underweight (BMI < 20 kg=m 2 ) and normal weight (BMI 20.0 -24.9 kg=m 2 ). Blood pressure (mmHg) and pulse rate (bpm) in supine position were measured twice, after 10 min rest, in the right arm by use of a sphygmomanometer and a rubber cuff of appropriate size. The recorded pressure was the average of the two measurements. 9, 10 Men with systolic or diastolic blood pressure equal to or exceeding 160=95 mmHg and men who used blood pressure lowering medication were considered to have hypertension.
12 Triglycerides (mmol=l), total cholesterol (mmol=l), glucose (mmol=l) and fasting insulin (mIU=l) were analysed in blood samples drawn after an overnight fast and were analysed with standard methods at the laboratory of the Malmö University Hospital. 8 -10 Men with hyperlipidaemia were those whose cholesterol or triglyceride level exceeded 6.5, respectively 2.3 mmol=l. 13 Prevalence of diabetes is based on the number of men who either had a history of the disease or whole blood glucose 6.70 mmol=l.
14 Information on smoking habits, history of angina pectoris, history of cancer, self-reported health and physical activity during leisure-time was assessed from a self-administered questionnaire. The following smoking categories were used: never smokers, former smokers (smokers who had quit smoking at least a year before the examination), and current smokers, eg daily consumers of at least 1 g of tobacco. 9 Men who confirmed angina diagnosed by a physician or reported treatment with nitro-glycerine were considered to have angina pectoris. History of cancer was based on the question 'Have you been treated for cancer?' Subjects with good health are those who answered yes to the question: 'Do you consider yourself to be completely healthy?' Two categories were used for the classification of leisure-time physical activity, eg sedentary or not. The prevalence of problematic drinking behaviour is based on a modified version of the Michigan Alcoholism Screening Test (Mm-Mast). 15 Social class and civil status were obtained by data linkage with the Swedish National Population Census Register. Classification was done in accordance with the census that was closest to the date for the health examination. The influence of civil status on the incidence of events is based on a comparison of those who were living alone to those who were cohabiting. Occupational status, assessed by answers to questions concerning job titles and work tasks, formed the basis for classification into socio-economic index (SEI) groups, according to methods used by the National Bureau of Statistics Sweden. 16, 17 SEI classification takes into consideration the educational background needed to qualify for a particular job, any additional prerequisites, the level of responsibility the job entails and the specific tasks to be performed. Three categories of SEI were used: non-manual workers, manual workers and others (self-employed, ie professionals with or without employees, entrepreneurs, farmers; retired, ie persons with disability pension or pension as a result of long-term unemployment; students or subjects without classification).
Retrieval of endpoints
Incidence of coronary events and death is based on record linkage with the National Inpatient Register (Swedish Board of Health and Welfare, 18 ) the Swedish Causes of Death Register 19 and the Malmö Heart Infarction Register. 20 Death certificates used for the classification of the underlying cause of death had been coded in accordance with the ninth version of the International Classification of Diseases, Injuries and Causes of Death, ICD. 21 Every participant in the cohort was followed for mortality and incidence of coronary events until 31 December 1997.
A coronary event was defined as acute myocardial infarction (ICD code 410) or death due to chronic ischaemic heart disease (ICD codes 412 and 414). Only the first event was counted. CVD mortality is based on deaths coded 400 -448.
Statistics SPSS (version 10.0) was used for all statistical analyses. A general linear model and logistic regression was used to assess the age-adjusted relationships between body weight and other risk factors for CVD. A direct method was used to calculate age-standardized rates of coronary events and mortality per 1000 person-years in the different weight categories. Cox's proportional hazards model was used to study Influence of obesity on cardiovascular risk S Jonsson et al the influence of body weight on the incidence of coronary events, total mortality, CVD mortality and non-CVD mortality after adjustment for potential confounders. Age and heart rate were modelled as continuous variables. Hypertension, hyperlipidaemia, diabetes mellitus, smoking habits, self-reported health, the absence of physical activity during leisure-time, civil status, occupational level, history of angina pectoris, history of cancer and problematic drinking behaviour were fitted as categorical variables. As information on leisure-time physical activity was missing in 2174 men, missing values on physical activity were coded into the model as a dummy variable. The examination period was introduced as a categorical variable (1974 -1976; 1977 -1979; 1980 -1984) to explore whether the long screening period had any significant influence on the results. There was no indication of any such effect.
Potential interactions between BMI and age, hypertension, hyperlipidaemia, diabetes mellitus, problematic drinking behaviour and smoking on the incidence of coronary events were investigated by methods described by Hallqvist 22 and Rothman 23 and expressed in terms of a synergy index (SI). Values above 1 show a positive interaction or synergy. Gaussapproximation was used to calculate the confidence intervals.
A second Cox's model was used to study the influence of smoking on the incidence of coronary events in normal weight, overweight and obese men exposed to neither hypertension, hyperlipidaemia nor diabetes and in men exposed to one respectively two to three of these risk factors. In this analysis adjustment was made for differences between groups in terms of age, heart rate, marital status, occupational level, self-reported health, the absence of physical activity during sedentary leisure-time, history of angina pectoris, history of cancer and problematic drinking behaviour. The relative risks are based on a comparison with non-smoking men who had normal body weight and who were not exposed to any of the three risk factors above. Relative risks (RR) are presented together with their 95% confidence intervals (CI). P-values less than 0.05 were considered statistically significant.
Results
There were no statistically significant age-adjusted differences with regard to smoking habits, blood pressure, blood lipids, blood glucose and BMI levels between those who were included and the 118 who were excluded from the study. Heart rate, blood pressure, blood lipids, blood glucose and insulin increased in a stepwise fashion with BMI (Table 1) . Smoking was less common among those who were overweight and obese than it was among those who were normal or underweight. Men who considered themselves as unhealthy, were sedentary during leisure-time, respectively had problematic drinking behaviour, were over-represented among those who were obese. Men with manual jobs were similarly over-represented in that group.
Twenty-three (1.7%) of the obese men were exposed both to hypertension, hyperlipidaemia, diabetes and smoking, 176 (13.1%) to three of these risk factors, 415 (30.9%) to two, 510 (38.0%) to one and 219 (16.3%) to none of them.
Mortality Two-thousand six-hundred and seventy-four (12%) men died, 1015 (38%) due to CVD, 896 (34%) due to cancer (ICD code 140 -209) and 756 (28%) due to other causes. Cause of death, which was based on autopsy in 50%, was unknown in seven cases. The relationship between BMI and mortality was J-shaped. Men with obesity and men who were underweight had, in comparison with men with normal weight, reduced survival rates ( Table 2 ). The overall mortality rate among overweight men was, after adjustment for potential confounders, almost identical (RR 0.99; 95% CI 0.91 -1.08) and among obese men significantly higher (RR 1.26; 95% CI 1.09 -1.44) than it was in men with normal-weight ( Table 2 ). The multivariate adjusted relative risks with regard to cardiovascular and non-cardiovascular mortality associated with obesity were 1.42 (1.15 -1.75), respectively 1.16 (0.96 -1.39). The exclusion of subjects with a history of cancer or history of angina only marginally changed the estimated RRs (data not shown).
Incidence of coronary events
One-thousand seven-hundred and twenty-seven men suffered a coronary event, 1105 had a non-fatal and 342 a fatal acute myocardial infarction. Chronic ischaemic heart disease was the underlying cause of death in another 280 cases. These are men who died outside hospital. The cause of death is in the majority of cases based on findings at autopsy. There was a statistically significant linear relationship between BMI and the incidence of coronary events ( Table 2 ). The incidence of coronary events in the obesity group was, after adjustment for potential confounders, 1.39 (1.17 -1.65) times higher than it was in the normal-weight group. The incidence rate among overweight men was, after adjustment for potential confounders, in comparison to men with normal-weight 18% higher (RR 1.18; 1.07 -1.31). The age-adjusted RR associated with per unit increase of BMI was 1.06 (1.05 -1.08). This risk remained (RR: 1.03 (1.02 -1.05)) statistically significant after further adjustment for other potential confounders. Exclusion of subjects with history of cancer or angina did not change the estimated RR associated with per unit increase of BMI.
Interaction between obesity and other risk factors on incidence of coronary events There was a statistically significant synergy effect between obesity and smoking on the incidence of coronary events (SI 1.39; 1.02 -1.89). No similar interaction was found with hypertension, hyperlipidaemia, diabetes or history of problematic drinking behaviour.
The influence of overweight and obesity on the incidence of coronary events in non-smokers and smokers not exposed Influence of obesity on cardiovascular risk S Jonsson et al to hypertension, hyperlipidaemia, or diabetes and in men exposed to one or two to three of these risk factors is further illustrated in Figure 1 . Non-smoking men with normal body weight and not exposed to any of these risk factors were used as the reference group. The risk increase associated with obesity was, in the absence of exposure to other risk factors, marginal and not statistically significant (RR 1.26; 0.59 -2.72). Obesity was, in smokers having no other risk factors, associated with an RR of 5.25 (3.27 -8.43); overweight was, in the same group associated with an RR of 3.94 (3.04 -5.11). Similar patterns were observed in an analysis of risk modifiers for CVD mortality (data not shown).
Discussion
Twenty-three years after the health examination, 20% of the obese subjects were no longer alive and 13% of them had been treated for an acute myocardial infarction. It is concluded that obesity independently of other risk factors is associated with an increased incidence of coronary events and death. The linear relationship between BMI and the incidence of CVD and the J-shaped relationship between BMI and rate of mortality, which remained after the exclusion of probands with history of cancer, has been demonstrated in several cohorts. 2, 5 Studies which have failed to demonstrate these relationships have generally been based on smaller cohorts 3, 6 or shorter periods of follow-up. 3 With the exception of smoking, the prevalence of risk factors associated with the development of atherosclerosis increased in a statistically significant fashion with increasing body weight. Hence, it is possible that the apparently independent influence of obesity on the incidence of CVD is related to the distribution and severity of atherosclerotic lesions. Studies of the progression of carotid intima-media thickness in relation to waist-to-hip ratio have generated results supporting this hypothesis. 24 In studies of the prevalence of asymptomatic atherosclerosis in the leg and Influence of obesity on cardiovascular risk S Jonsson et al carotid arteries in relation to BMI, no similar relationship has been observed. 25 It has been discussed whether BMI is a valid measure of obesity, as BMI might be more related to muscle mass. 6 Several studies have shown that abdominal obesity is more strongly associated with the incidence of myocardial infarction than other measurements of obesity. 26 -28 It can also be speculated whether obesity, rather than being related to the development of atherosclerosis, may have an influence on either or both of the steps preceding a coronary event, ie rupture of a coronary plaque with subsequent formation of an occluding thrombus.
Obesity has become an increasing public health concern in many countries. 29, 30 The prevalence in this cohort, which ranged from 4% among those between 27 and 39 y old to 11% among those who were between 50 and 54 y old, is probably an underestimation of the true magnitude of the problem. Thirty percent of those who were invited never attended the health examination. In that group there was an increased incidence of CVD and death. 10 In the city of Malmö there are statistically significant differences in the prevalence of obesity between residential areas; it is most common in areas with lower socio-economic circumstances. The geographical pattern of incidence and mortality from myocardial infarction within the city co-varies with the prevalence of obesity. 31 Yet it should be emphasized that the increased cardiovascular risk associated with obesity is applicable in only a minority of the obese subjects, after a median follow-up of 18 y four out of five were still alive and almost 90% of them had not had a coronary event. Thus, between individuals with a similar degree of obesity there is a marked heterogeneity in the cardiovascular risk. This is, to a great extent, related to differences with regard to exposure to smoking, hypertension, hyperlipidaemia and diabetes. One out of 50 of the obese men was exposed to all these risk factors while 16% were exposed to none. The age-adjusted incidence of coronary events in these two groups was 1.8 and 28.4 per 1000 person-years, respectively. In terms of causes of obesity there seems to be several different subgroups within the obese population, ie inadequate exercise, over-consumption of food and alcohol, metabolic disorders and genetic abnormalities. 32 -35 Whether and how the risk associated with obesity varies between groups defined in these terms remains to be evaluated.
It has yet not been proven in controlled trials whether the cardiovascular risk associated with obesity can be lowered by weight reduction. With the exception of surgical intervention, 33 there seem to be no methods available to achieve a permanent weight loss. However, considering that 84% of the obese men were exposed to at least one of the major risk factors for CVD, there is an obvious potential for prevention. In this study there was a statistically significant interaction between smoking and BMI. Others have reported on a positive interaction with alcohol consumption and on a Influence of obesity on cardiovascular risk S Jonsson et al negative association with age. 35 -37 Smoking cessation and reduced alcohol consumption may hence be the most costeffective strategies to reduce the incidence of CVD and death among men with obesity. From a public health perspective it seems however more rational to focus on primary preventive measures. Among those men who were between 27 and 39-yold, 4% were obese and not less than 29% were already overweight.
Some methodological issues should be considered. Vital status at the end of the follow-up was up dated on all individuals by data linkage with regional and national registers. 20 The completeness and validity of these registers have been documented in several other studies from the city. 20, 31 Change of exposure is an inherent problem in long-term studies. Subjects who were diagnosed with hypertension, lipid disorders, diabetes mellitus or problematic drinking behaviour were referred for further evaluation and treatment, smokers were advised to quit, but received no further help to achieve that. 8, 9 Obesity alone did not lead to any further evaluation or treatment.
Several possible confounders were included in the multivariate analyses. Yet it remains to be evaluated to what extent observed associations could have been biased by differences between groups with regard to cardio-respiratory fitness and disturbances in the coagulation system. 28, 38 Moreover, central obesity is one of the risk factors included in the insulin resistance syndrome. 39, 40 Some may question whether it is appropriate to adjust for differences between groups in terms of blood pressure, blood lipids and diabetes, eg conditions for which obesity may be considered a risk factor. It is our view that this would, if anything, tend to dilute the influence of BMI on the occurrence of events. To what extent the risk estimates generated in this cohort are applicable on women and men belonging to other ethnic groups remains to be evaluated.
In this cohort of middle-aged urban men there was a linear relationship between BMI and incidence of myocardial infarction and a J-shaped relationship with overall mortality rate. It is concluded that differences between obese subjects with regard to survival and cardiovascular morbidity are related to a great extent to exposure to other risk factors for atherosclerosis, of which smoking seems to be the most significant. To evaluate the associated cardio-protective potential there is a need for clinical trials designed to assess Figure 1 Multivariate adjusted relative risks of coronary events by smoking (non-smokers in open bars and smokers in filled bars) by number (ie none, one or two to three) of other cardiovascular risk factors (ie diabetes mellitus, hypertension and hyperlipidaemia) in 22 025 men with normal-weight, overweight and obesity. * Non-smoking men with normal-weight and without diabetes mellitus, hypelipidaemia or hypertension served as the referent group. RR, relative risk (95% CI). Covariates included age, heart rate, marital status, socio-economic position, leisure-time physical activity, self-reported health, history of angina pectoris, history of cancer, and history of problematic drinking behaviour.
Influence of obesity on cardiovascular risk S Jonsson et al the feasibility and effectiveness of intervention on smoking, hypertension and hyperlipidaemia among people who are overweight or obese.
